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Relationship between Vocabulary






Much research has gone to investigate the importance of underlying vocabulary knowledge of
introductory statistics and how to help students improve their knowledge. However, the general
relationship between higher level conceptual understanding and the underlying vocabulary
knowledge of introductory statistics students has not being explored much. Using data analysis
approach, we found that there appears a general positive correlation between higher level
conceptual understanding and the underlying vocabulary knowledge, for introductory statistics,
and also this correlation varies among topics. There is also some evidence that the performance
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1.Introduction
Introductory statistics courses are designed to help students to become statistically literate,
as stated in the Guidelines for Assessment and Introduction in Statistics Education (GAISE)
College Report (Garfield, et al. 2005). A significant part of being statistically literate is students’
ability to understand statistical or mathematical vocabulary and language, and also apply them
in higher conceptual understanding. In this paper, we will begin to explore the connection
between vocabulary acquisition and conceptual understanding using data from vocabulary
and homework assessments. In Section 2, literature review. In Section 3, research questions for
current study. In Section 4, data collection and methods. In Section 5, data analysis and results.
In Section 6, discussion of results. In Section 7, conclusions and ideas for future research.
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2. Literature Review
There is much work has been done to address the importance of the underlying knowledge of
vocabulary, for introductory statistics. Thompson and Rubenstein (2000) recorded a simple but
interesting question from students: “is twelve a factor or a multiple of twenty-four?” Here the
mathematical terms “factor” and “multiple” are one of many pairs that students have hard time
differentiating and understanding, and because of it, it’s impossible for them to comprehend
the question. As Thompson and Rubenstein (2000) explained the first crucial role that language
plays in mathematical instruction, is that the educator teaches through the medium of language.
(Thompson and Rubenstein, 2000, p. 568). In the example above, the educator would need
to assume that the students understand the definitions of “factor” and “multiple”, and also
the differences between the two, which enables the students to answer this question. The
understanding of the vocabulary is the medium of this question.
The second role that language plays is “Students build understanding as they process ideas
through language.” (Thompson and Rubenstein, 2000, p. 568). Only if students understand the
definitions and differences between “factor” and “multiple”, they could process the meaning
of the sentence and see why the question can be confusing. After the students build the under-
standing, the educators can assess their understanding by how they communicate the answers
verbally and in writing. (Thompson and Rubenstein, 2000, p. 568). That’s the third role of lan-
guage by Thompson and Rubenstein. This role, however, also largely depends on how effective
students can express themselves. As Thompson and Rubenstein concluded, “Unlike common
English-which students hear, see, and use daily in reading, watching television, conversation,
and elsewhere-the language of mathematics is limited largely to school. Consequently, we need
to be sensitive to many issues related to the language of mathematics and students’ growing
fluency with it.” (Thompson and Rubenstein, 2000, p. 568).
Kaplan, et.al. also gave some good examples in their research about Lexical Ambiguity in
Statistics. The words “Association, Average, Confidence, Random and Spread” were studied to
see what students know about those words and how students use and define those words at the
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end of an undergraduate statistics course. They concluded each of these words was problematic
because of different reasons. For example, the word association has fairly convergent meanings
for students to begin with, such as a formal or loose grouping, idealized or concrete relationship,
in which, focus on the similarities between the members of the groups. At the end of an
undergraduate statistics course, only about 20% of the students were able to reach the definition
of association as a relationship between two variables. There are many vocabularies like those
in statistics that there are some common uses for the word, but these uses are not consonant
with the statistical use of the word. That is why vocabulary acquisition is crucial for students in
introductory statistics course.
On the other hand, in order to assess students’ statistical literacy, higher conceptual understand-
ing needs to be evaluated. The lack of those assessments was presented by Garfield and Gal
(1999), who raised the issue of needing to develop applicable, accessible and valid assessment
instruments. National Science Foundation (NSF) funded the Assessment Resource Tools for
Improving Statistical Thinking (ARTIST) project (DUE-0206571) to address the issues. Now
there are a wide variety of assessment tools on various topics for evaluating students’ higher
conceptual understanding on The ARTIST Web site (https://apps3.cehd.umn.edu/artist/). The
CAOS (Comprehensive Assessment of Outcomes in Statistics) test was a significant part of the
ARTIST project. Its multi-stage development was introduced by delMas et al.
In Siegfried’s (2011) research, the ARTIST and CAOS test were used to assess students’ conceptual
understanding of the key course concepts, and definitions written by students were used
to evaluate students’ vocabulary acquisition. Using various experimental design strategies,
Siegfried concluded “the use of personal glossaries significantly increased students’ vocabulary
acquisition but did not significantly affect students’ performance on an assessment of key course
concepts.”
It is counter intuitive to what we usually think - the increase of vocabulary acquisition will
also positively affect students’ performance of key course concepts. However, her research was
only observing the effects using personal vocabulary glossaries. Also, the different formats
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of these two assessments would affect the ability of testing the relationship between the two
assessments. Vocabulary acquisition was assessed by free response that students needed to
write out the definition of certain terms, however, conceptual understanding was assessed by
ARTIST and CAOS test of multiple choice questions. An interesting example is the R2 question:
overall students did poorly on writing out the definition word by word in the vocabulary
assessment part, however, students were able to understand it in a given context and answer the
multiple-choice questions correctly in the conceptual understanding assessment part.
After reviewing the previous research, the general relationship between higher level conceptual
understanding and the underlying vocabulary knowledge of introductory statistics students has
not being explored much. This paper wants to investigate this general relationship.
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3. Research Questions
In order to investigate the general relationship between the underlying vocabulary knowledge of
introductory statistics and higher level conceptual understanding, the following three research
questions for the current study were formulated.
1. How well the students perform overall on assessments of vocabulary knowledge and on
assessments of higher level conceptual understanding? Does their performance vary based
on the particular topic being covered?
2. Does the relationship between vocabulary knowledge and higher level conceptual under-
standing vary based on the particular topic being covered? If so, on which topics is the
relationship highly correlated?
3. Can we use students’ performance on the assessments of vocabulary knowledge to predict
students’ performance on assessments of higher level conceptual understanding?
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4. Study Design and Methods
4.1 Description of Study Participants
The study was conducted in the general introductory statistics course, STAT 101, at Iowa State
University over two recent consecutive semesters. STAT 101 is offered as a four-credit course
during both the fall and spring semesters and meets for three 50-minute lecture periods and
one two-hour lab period per week. During this study, there were approximately 100 students
enrolled in each of the six lecture sections per semester, with each lecture section split into two
lab sections of roughly equal size. Students choose the lecture and lab section combination when
they register for courses prior to the beginning of the semester. For this study, 541 students
completed the course during Semester 1 and 566 students completed the course during Semester
2. Data collection was approved by the university’s Institutional Review Board as exempt.
Students were given the option to opt out of the study, which meant their data would not be
collected and used in this research. A small percentage (around 2%) of students each semester
chose to opt out of data collection. Once complete, all data collected, including all student and
lecture and lab section information was anonymized.
4.2 Vocabulary and Homework Assessments
Vocabulary Assessments
As a part of an NSF-grant funded project, an electronic assessment model was developed
to assess students’ vocabulary acquisition and conceptual understanding in an introductory
statistics course. This model includes 20 topics commonly taught in the introductory course.
These topics are listed in Table 1 in Appendices.
For each topic, a list of important vocabulary words and learning outcomes pertaining to that
topic were developed. The list of vocabulary words was inclusive to the topic and could be
repeated in other topics as appropriate. The focus of the learning outcomes is procedural
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and conceptual understanding. Students’ acquisition of the vocabulary words for each topic
was measured through a vocabulary quiz. These quizzes were comprised of multiple-choice,
true-false, matching, fill-in-the-blank, and drop-down menu questions and were administered
through the course management system Blackboard Learn. Students were given one attempt at
each quiz and were allowed to use all available course materials during the quiz. The number of
total points on the vocabulary quizzes during the semester ranged from 6 to 34 points. Students
were encouraged to complete the vocabulary quiz right after the given topic was covered in
lecture. Most students took the quizzes before completing the other assessments, such as the
online homework or written homework. In total, the quizzes were worth 5% of the overall
course grade.
Take Topic 3 Summarizing a Quantitative Variable as an example. Below is an example of a list
vocabulary words for Topic 3 and one question from the vocabulary quiz.




























Sample Vocabulary Quiz questions for Topic 3:
Choose the appropriate word or phrase from the drop-down menu to complete the sentences:
The peaks or “humps” in a histogram are called ______.
A histogram with a single mode is called ______.
A histogram with two modes is called ______.
A histogram with more than two modes is called ______.
A histogram with no modes is called ______.
A histogram with two halves that are roughly the same is called ______.
A histogram with a concentration of either low values or high values is called ______.









g. tails of a distribution
Homework Assessments
On the other hand, development of students’ procedural and conceptual understanding through
the learning outcomes was measured through online homework assignments. Electronic question
formats including multiple choice, matching, drop-down menu, fill-in-the-blank, and true-false.
Assignments administered through CMS Blackboard. Students given one attempt at each
assessment. Students could use all available course materials to complete assignment. Students
presented random selection of questions covering each learning outcome. Total number of
points possible range from 14 to 36. Below is an example of the learning outcomes, and online
homework assignment question from Topic 3.
Learning outcomes:
A. Identify a quantitative variable.
B. Identify appropriate displays of a quantitative variable.
C. Identify and interpret components of a histogram.
D. Describe the shape of the distribution of a quantitative variable using a histogram or
stem-and-leaf display.
E. Identify important characteristics of the distribution of a quantitative variable using a
histogram or stem-and-leaf display.
F. Identify potential outliers in a distribution using a histogram or stem-and-leaf display.
G. Report the 5-number summary for a quantitative variable.
H. Calculate the 5-number summary for a quantitative variable.
I. Describe the important characteristics of the 5-number summary.
J. Report the values of the mean and standard deviation for a quantitative variable.
K. Calculate the mean and standard deviation for a quantitative variable.
L. Describe the important characteristics of the mean and standard deviation.
13
M. Compare and contrast the median and the mean as numerical summaries of the center of
the distribution of a quantitative variable.
N. Compare and contrast the range, interquartile range and the standard deviation as numeri-
cal summaries of the variability of the distribution of a quantitative variable.
O. Identify the most appropriate measures of center and variability to use for a particular
quantitative variable.
Sample homework question:
A blowhole is a hole in a cliff that produces eruptions of water when the ocean swell hits the
cliff. Below is the histogram and stem-and-leaf plot for 40 times (in seconds) between eruptions
for the Kiama blowhole in Australia.
Figure 1: histogram and stem-and-leaf plot for 40 times (in seconds) between eruptions
Which of the following statements does NOT describe the distribution of time between eruptions?
a. There are 24 observations where the time between eruptions is less than 30 seconds.
b. The distribution of the times between eruptions is skewed to the right.
c. The mean time between eruptions is greater than the median time between eruptions.
d. The minimum time between eruptions is 7 seconds.
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e. The median time between eruptions is less than 20 seconds.
4.3 Data Cleaning
In this section, we will discuss setting the criteria used to determine when students made enough
of an effort on a vocabulary or homework assessment to count the scores in our analysis. For each
Vocabulary Quiz or Homework assessment, A csv file can be downloaded, including student’s
ID number, question number, which question set the question is from and the score for that
question. The csv files for all homework and vocabulary assessments were downloaded from
Black Board for both semesters.
In an introductory course with close to one hundred students in each section, non-response is a
common problem with any kind of assessment. Students can easily miss the vocabulary quiz and
online homework assessment. With Blackboard, when an assessment is never being opened, NA
is given as the score. However, if an assessment is ever opened, Blackboard forces a submission
when the due time is hit. So, if a student opens an assessment, works only 2 questions and
forgets to complete the rest, Blackboard will submit the assessment at the due time and he/she
will get a score, but is that score a good measurement about how well the student understands
the topic? Certainly no.
In order to take this information into account, a new ratio variable, called Total Answered
points/Total Possible points (referred as Completion Rate below), was created and calculated for
each student’s assessment. For both vocabulary quiz and homework assessment, the boxplots of
the ratios between Total Answered points/Total Possible points were drawn for all topics and
faceted by semesters.
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Figure 2: Boxplot of Compeletion Rates for Vocabulary Quiz
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Figure 3: Boxplot of Compeletion Rates for Vocabulary Quiz
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Interestingly, there is no box can be seen from the boxplots, since they are all being squished at
ration 1, meaning over 75% of the students completed all the questions on the assessment despite
of what scores they got in the end, which are satisfying completion rates. Also, comparing to
vocab quiz, there are more outliers for homework completion rate, suggesting that students
completed vocab quiz more than homework assessments overall. It’s not surprising since vocab
quizzes are shorter and easier.
Homework 18 in semester 2 has 19 students who did not complete the assessment, which
ranks the lowest completion rate. Overall, less than 10 students did not complete 75% of the
assessment, which is a small number of students comparing to our population size of over 540
students. So, a cutoff for completion rate was decided at 0.75, and only the assessments that are
completed above 75% are included in further analysis.
4.4 Data Visualization
In order to answer research question 1 of the overall performance, we will explore how well
students performed on the vocabulary and homework assessments. After excluding the as-
sessments that have completion rate lower than 0.75, Proportion Correct Scores, which takes the
scores divided by the total answered points were calculated for each assessment, boxplots of the
proportion correct scores on vocab and homework assessment by topic and semester are created
to assess students’ overall performance.
Also, Pearson Correlation Coefficients of proportion correct scores between vocabulary and home-
work assessments by topic, section, and semester are plotted to visualize how the correlations
change by topics and semester.
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4.5 Model
To investigate on research question 2 of the general relationship between vocabulary quiz and
online homework, and also how the relationship varies on topics, a linear mixed effect model was
built, using Proportion Correct Scores as the response variable, with main effects of Assessment
Type, Topic, Semester, Section nested within Semester, and interaction term of Type*Topic, also
Student was included as a random effect.
So how the correlation varies among topics? This question is investigated by the following: first
of all, since the Proportion Correct Scores are discrete in nature, the Pearson correlation plot
above does not present the correlation well. However, the scores can be converted to ordinal
data, and be treated as categorical variable: five grade letters were assigned to the Proportion
Correct Scores, for both Vocabulary Quiz and Homework assessments as below:
Figure 4: Grades Convertion Table
Then a contingency table for Homework grades and Vocabulary Quiz grades can be computed
for each topic, to see how the grades are distributed. For example, the contingency table for
Topic 1 is presented below:
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Figure 5: Topic 1 Grades Table
For each topic, a GK gamma statistic can be computed to measure the level of directional
association, and 95% confidence interval can be found for the statistic. GK gamma statistics and
95% confidence intervals across all topics are also plotted.
To answer the final research question about using vocab proportion correct score to predict
homework proportion correct score, another linear mixed effect model was built. It takes the
Homework Proportion Correct Score as the response variable, using Vocab Quiz Proportion
Correct Score, Topic, interaction between Vocab Quiz Proportion Correct Score and Topic,
Semester, Section nested within Semester as the main effects, and Student as the random effect.
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5. Data Analysis
At the conclusion of the research study, students’ responses to both assessments were analyzed
using the methods in Section 2 in order to answer our research questions. The results of this
analysis appears below.
5.1 Results for Research Question on Overall Performance
Our first research question concerns how well the students do overall in Online Homework and
Online Vocabulary Quiz. Boxplots of the proportion correct scores for those two assessments,
across all Topics and faceted by Semester are drawn as below.
Figure 6: Boxplot of Proportion Correct Scores for Vocabulary Quiz
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For Vocabulary Quiz Proportion Correct Score, most topics have the mean range from 0.85 to 1,
with generally symmetric distributions and several small outliers. Topic 2 (Categorical Variable),
11 (Randomness) and 27(Basics for Statistical Inference) have longer boxes, meaning the spread
of the Proportion Correct Scores for those topics is bigger and the Scores vary much more than
the rest of the topics. Also, the general trend is quite similar between Semester 1 and 2, however,
Semester 2 appear to have couple more low Proportion Correct Score (outliers) than Semester 1
on some topics.
Figure 7: Boxplot of Proportion Correct Scores for Homework
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For Homework Proportion Correct Score, most topics have the mean range from 0.75 to 1,
with generally symmetric distributions and several small outliers. Topic 8, 15, 21, 22 have
longer boxes, meaning the spread of the Proportion Correct Scores for those topics is bigger
and the Scores vary much more than the rest of the topics. These topics are Regression (T8),
Sampling Distribution for the Sample Proportion (T15), Inference for the Difference between Two
Population Proportions(T21) and Two Means (T22), which are recognized as the difficult ones
overall. For example, for Topic 8 Regression, where the definitions of Least Squares Regression,
and interpretations of Intercept and Slope are introduced. They are all difficult concepts to grasp
for students in Introductory Statistics. Also, the general trend is quite similar between Semester 1
and 2, however, Semester 2 appears to have couple more low Proportion Correct Score (outliers)
than Semester 1 for topics 6, 7 and 9, which seem random.
The distribution of Proportion Correct Score is generally higher for the Vocabulary Assessments
than for the Online Homework Assessments on the same Topic, and it has slightly smaller
boxes, meaning less variability. It suggests students’ performance vary less on the vocabulary
understanding than the conceptual understanding.
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5.2 Results for Research Question on how topics effect the Proportion Correct
Scores
The second research question of interest concerns the effects of Topic on the Proportion Correct
Score between Homework and Vocabulary assessments.
First of all, Pearson correlation coefficient between proportion correct scores on vocabulary
and homework assessments, by 20 topics, colored by 9 sections and facetted by 2 semesters are
plotted as below.
Figure 8: Pearson Correlation Coefficients plot
Overall, the correlations range from 0 to around 0.7 for both semesters, and the centers and
spread do vary significantly from topic to topic. For example: Topic 3(Quantitative Variable) has
the highest correlations: average around 0.6 and range from 0.4 to 0.7 for both semesters. Topic 7
(Scatterplots) has relatively small correlations: average around 0.3 and range from 0.08 to 0.3.
Also, the correlations are colored by 6 sections, and they vary on the same topic.
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Also, an ANOVA model was then fit as described in Section 2.4. We see here all the main effects -
Assessment Type, Topic, interaction term between Type and Topic, and Section nested within
Semester - are all significant, but the term Semester is not. It gives the same result as what we
see in the Pearson Correlation plot above.
Table 1: ANOVA table for Research Question 2
Sum Sq Mean Sq NumDF DenDF F.value Pr(>F)
Type 79.4 79.4 1 40142 5684 0
Topic 115.9 6.101 19 40161 436.8 0
Semester 0.00789 0.00789 1 12799 0.5648 0.4523
Type:Topic 82.79 4.357 19 40139 311.9 0
Section(Semester) 1.273 0.1273 10 1813 9.117 7.994e-15
25
Given the term Topic is highly significant in the model, it’s interesting to investigate which
topics are more highly correlated, so categorical variable analysis was performed as described in
section 2.4, and the confidence intervals plot for GKgamma Statistics is drawn as below.
Figure 9: Confidence intervals plot for GKgamma Statistics
From the plot, most topics have GKgamma Statistics around 0.25 to 0.45. Topic 2 (Summarizing a
Categorical Variable) has the lowest statistic at 0.1 and Topic 3 (Summarizing a Quantitative Vari-
able) has the highest at 0.65. So, Topic 2 has the lowest positive correlation between Homework
and Vocabulary Proportion Correct Score, and Topic 3 has the highest.
Thinking of the two topics, the vocabulary quiz for Topic 2 mainly test for the tools used to
summarize categorical variables, such as bar chart, pie chart, and contingency table, which are
widely known graphics, but the homework test on how to infer the data from those tools. So,
even the students have seen the graphics, they may not be able to read and explain the data
in the graphics. For example, I have seen lot students struggle with understanding value from
contingency table, especially when it comes to marginal and conditional distribution.
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Topic 3 is Summarizing a Quantitative Variable, the definitions of histogram, stem-leaf plot,
five number summaries, mean and standard deviation are tested in the vocabulary quiz section.
They are all statistical jargons that students need to know to be able to perform well on their
homework section. For example, students need to understand the meaning of x-axes and y-axes
of a histogram to be able to define the center and spread of a distribution. So, a strong positive
correlation between Vocabulary and Homework Proportion Correct Scores makes sense here,
and GKgamma statistic is high as well. Another interesting fact shown from the plot is that the
GKgamma statistics from Topic 1 to Topic 11 vary from topic to topic a lot more, means ranging
from 0.1 to 0.6, however, GKgamma statistics from Topic 15 to Topic 22 are steadier having
means around 0.4. It suggests that between Vocabulary and Homework Proportion Correct
Scores, the correlations for descriptive statistics topics (Topic 1 to Topic 11) vary much more than
the correlations for inferential statistics topics (Topic 15 to Topic 22). The reason I can think of
is, for the descriptive topics, some of them require the students to have a great understanding
of the vocabulary terms to perform well in the homework, so those topics would have high
correlations, but some don’t. The Topic 2 and Topic3 in previous paragraph are an example for
the scenario. Those topics are distinctively different from each other.
However, for inferential topics (Topic 15 to Topic 22), it’s essential for students to understand
the fundamental terminologies to be able to understand and complete the homework questions,
so the correlations are steadily high around 0.4 across all inferential topics. For example, for
topics of hypothesis, students would need to know the steps of conducting a hypothesis testing
and definition of P-value in the Vocabulary Quiz to be able to complete any questions in
the Homework assessment. Also, those topics cover similar content: sampling distribution,
confidence interval and hypothesis testing. Students would have similar performance on those
topics, so the correlations appear more steadfast.
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5.3 Results for Research Question on Relationship between Vocabulary Quiz
Proportion Correct Score and Homework Proportion Correct Score.
Table 2: ANOVA Table for Research Question 3
Sum Sq Mean Sq NumDF DenDF F.value Pr(>F)
Topic 14.49 0.7626 19 19406 50.79 0
Semester 0.3021 0.3021 1 5157 20.12 7.432e-06
Vocab Prop Score 16.61 16.61 1 20207 1106 0
Section(Semester) 0.9521 0.09521 10 1561 6.341 1.317e-09
Topic:Vocab.Prop.Score 7.045 0.3708 19 19404 24.7 0
The final research question of interest concerns if the vocabulary assessment performance can be
used to predict the conceptual understanding assessment performance. A linear mixed effect
model as described in Section 2.4 was built to answer the question. From the results of this
model, all main effects are significant in the model, which means all of them play significant
roles in predicting Homework Proportion Correct Score. The main effects are Topic, Semester,
Vocabulary Proportion Correct Score, interaction term between Topic and Vocabulary Proportion
Correct Score, and the term of Section nested within Semester. Among those main effects,
Vocabulary Proportion Correct Score has the highest F value and smallest P-value, suggesting
it’s the most significant predictor of the response variable Homework Proportion Correct Score,
so it can be used to predict the Online Homework performance.
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6. Discussion
Helping students to become statistically literate is the goal of introductory statistics course. Two
major aspects of being statistically literate are vocabulary acquisition and students’ general
conceptual understanding. Many assessment methods have been created to assess students’
performance on those two areas separately. For example, in Introductory Statistics class in Iowa
State University, Vocabulary Quiz and Online Homework are the methods being implemented.
However, there is little work has been done to show the relationship between students’ per-
formance on vocabulary acquisition and general conceptual understanding. The purpose of
this study was to quantitatively assess students’ overall performance on those areas and their
underlying relationship. Based on the results from the analysis, the answers to our research
questions are:
Q1: The overall performances for both vocabulary knowledge and higher level conceptual under-
standing are great, scoring correctly over 80% on average on the assessments. The distribution
of proportion correct scores is generally higher but less variable for the Vocabulary Assessments
than for the Homework Assessments on the same Topic.
Q2: Topics do play a significant role for the relationship between vocabulary knowledge and
higher level conceptual understanding. The vocabulary Proportion Correct Scores and Home-
work Proportion Correct Scores do vary on topics. Visually, the Pearson Correlation plot shows
us the correlations range at different values across 20 topics. Also, from the first linear mixed
effect model, Topic appears highly significant as well. In order to investigate how the correlations
vary among topics, categorical data analysis was performed with GKgamma statistics. The
results validate again that correlations between two assessments’ Proportion Correct Scores do
vary significantly from topic to topic.
Q3: The ANOVA model suggests that Vocabulary Proportion Correct Score can be used to
predict Homework Proportion Correct Score, so the performance of vocabulary knowledge can
be used to predict the performance of higher level conceptual understanding.
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7. Conclusion
As a part of the NSF project, this paper investigates the relationship between vocabulary knowl-
edge and higher level conceptual understanding, for students in introductory statistics course.
It found a positive correlation between the two assessments, and also the correlation varies on
different course topics. Based on the results from this paper, there are several other avenues for
future research can be explored:
1. Formats of the assessments: vocabulary quiz and online homework are implemented
to assess the vocabulary knowledge and higher level conceptual understanding. They
both are in electronic formats of multiple choice questions. This matching format fix the
limitations of the previous research on how the use of personal glossaries help students’
vocabulary acquisitions. However, these assessments are administrated online for students
with all open sources, so these are a best case scenario for students’ real ability for certain
topics. Other closed-book assessments with free response questions could be used for the
assessments as well.
2. Different teaching or assessment vehicles for different topics: one interesting finding of this
study is that the correlation between vocabulary knowledge and higher level conceptual
understanding varies on topics. From the GKgamma statistics, for inferential topics the
directional correlation is around 0.45 steadily, and for descriptive topics the directional
correlation varies from 0.18 to 0.65. It suggests that there exists a difference between
inferential topics and descriptive topics, when it comes to how vocabulary plays a role
in higher level conceptual understanding. Also, it’s not difficult to recognize the types
of vocabulary are quite different between the two types of topics: the descriptive topics
have more vocabulary need to be memorized, such as what are Five Number Summary
or R2, whereas the inferential topics have more vocabulary need to be understood, such
as the procedure of obtaining a sampling distribution or how to conduct a hypothesis
testing. Given the difference, it will be beneficial to implement different teaching methods
and assessments to help students understand the vocabulary. For example, free response
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questions may help students memorize the descriptive vocabulary better, whereas filling
the blanks question in a given context may help students to understand the inferential
vocabulary better.
3. Apply machine learning algorithms to predict about students’ level of understanding: this
study is exploratory analysis only, however, with the ANOVA models we fit, if we can go
further to validate the model and apply them on a new dataset, it will be interesting to see
how these models can be used for prediction.
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Appendices
A. Vocabulary Quiz Structure
1. List of vocabulary words developed for 20 topics in Introductory Statistics.
2. Vocabulary Assessment for each topic written to assess student knowledge of the defini-
tions of vocabulary words.
3. Electronic question formats including multiple choice, matching, drop down menu, fill in
the blank, and true/false.
4. Assignments administered through CMS Blackboard.
5. Students given one attempt at each assessment.
6. Each assignment available for at least one week.
7. Students could use all available course materials to complete assignment.
8. Students presented all questions.
9. Completion rate and proportion correct score calculated for each topic.
10. Not all students completed all vocabulary assessments.
B. Homework Assessment Structure
1. Learning outcomes developed for 20 topics in introductory statistics.
2. Homework Assessment for each topic written to assess understanding of learning out-
comes.
3. Electronic question formats including multiple choice, matching, drop down menu, fill in
the blank, and true/false.
4. Assignments administered through CMS Blackboard.
5. Students given one attempt at each assessment.
6. Each assignment available for at least one week.
7. Students could use all available course materials to complete assignment.
8. Students presented random selection of questions covering each learning outcome.
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9. Completion rate and proportion correct score calculated for each topic.
10. Not all students completed all homework assignments.
C. Table 1: List of Topics from Electronic Assessment Model
Topic Name
T01 Data
T02 Summarizing a Categorical Variable
T03 Summarizing a Quantitative Variable
T04 Summarizing a Contingency Table
T05 Summarizing a Quantitative Variable between Groups
T06 Normal Distribution
T07 Summarizing Scatterplots
T08 Summarizing the Least Squares Regression Line
T09 Samples and Surveys
T10 Experiments
T11 Randomness and Probability
T15 Sampling Distribution for the Sample Proportion
T16 Confidence Intervals for the Population Proportion
T17 Hypothesis Tests for the Population Proportion
T18 Sampling Distribution for the Sample Mean
T19 Confidence Intervals for the Population Mean
T20 Hypothesis Tests for the Population Mean
T21 Inference for the Difference between Two Population Proportions
T22 Inference for the Difference between Two Population Means
T27 Basic Ideas of Statistical Inference
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